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' " ' ' . ABSTRACT 



; An Investigation into the distinction >etween identity conServAtign 
ani equivalence conservation, theorized by Elkind (1967), was examined • 

in/ two content areas, length- and weight In ad^itioa, transitivity of 
lingth ancf^weight; was examine^ iti relationship- to conservation. 
/ The sample consisted 'of 180 subj.ects, 60 preschool, kindergarb^n, 
4nd third grade students. Within each grade subsample, half the children 
were male and "half werelfemale. Subjects were assigned to' one of six - 
different counter-balanced orders of presentation for 'the conservation . 
and transitivity ta-sk 'battery. The desigp was a 3/2/2/2 mixed-model 
analysis of variance. ' The factors wexe^ag© (preschool/kindergarten/ 
third grade) , ' task -'{identity^eqdi valence) , criterion (jjadgme'nt only/ ^ 
judgment 'plus eJEplanatibn) , and content area (leng.th/weight) . ■ . 

• The maih effects of age, task, and criterion wera^iarge and, highly 
signif j.cant. Equivalence conservation was observed to be. of greater 
difficulty than- identity, conservation., t^ore trials -were passed undei? 
the judgment onlv criterio«< than with a judgment plus explanat;ion ^ „ - 
c'riteijion. Significant- interactions of Age x Task, Task x Cr:^ tenon, 
and Age x Cricerion were also observed. Equivalence tasks were found 
to be more, difficult than identity tasks for presghoolers and kinder- _ 
gartei3^rs but not for third graders. Performance differences between^ . 
the identity and equivalence tasks were greater with a judgment only ^ 
criterion than with ^ judgment plu^ explanation criterion, and these _ 
differences -between the two criteria were more pronounced with pre- ^ 
schoolers and kindergarteners than^with third graders. The preschool 
and kinderga'rten subsamples did 'not differ. Cc^mparisons of the relftxve_ ^ 
difficulty of the identity versus equivalence conservation cases, utilizing 
a dichotomous pass/fail scoring criterion, were c'onsidexably less persuasive, 
i.e., only the kindergarten and tdtal §ample weigh-- -rases indicated a 
significant lesser difficulty for identity-conservatiop. A significant 
perfor^nance improvement at every grade level for the transitivity ta-sks * « 
was observed, with the largest differences between, the preschool and. 
kindergarten subsamples. The transitivity tasks were significantly 
easier than all conservation measures at the preschool and kindergarten 
level, b-at'at the tMrd-grade level, oply the tr'ansitivity of weight/ con- « 
servation of Weight cpmparisori was significant. ' . 
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Introduction 



PiaqcL's theory of cognitive development posits^ a, sequentia-l orcjering, 
of stagcb through which hunTan. beings progress .from birth ^to adojt'escence . * 
Stage devcio^jmcnt, as employed by 'Piaget in ttie theory, emerges from the 
notion that "Man tends tb organize his behavior and thought and to' adapt 
to the eiivaifoiire,ent. (This tendency results) in a number bf psychological 

^ struoturub which take differenb forms at different ages, (Ginsburg & Oppef 
1969 p. 20)." Thus, rici^et uses,<3istihcti-ve stages t;o broadly, delineate' 
the qualitative nature psychological structures which eventually cul- 
minate in .adult latelligence. Of associated importance to any discussion 
.of' stages is the notion of "invariance" in the sequential ordering of ^ ^ 
vtaaes. I nv^ij^ia nee implies ar. orderly piugire'ssion, or . dependency, which " 
ensufe^ a'continurty between ijjreviQu.s and successive stages. Intellectual 
devf^lopmeht is categorized into fpur major periods (sensori -motor, 0-2 

•years; tireopef at lonal , 2-7 years;* concrete operational, 7-11 years; and 

/f^ormal •^rorationai , 11 yi^ar?f and above). It is necessary*for a given 
individual to have mastered any previous stages o»r levels" of intellec- 
t#ual functioning before m astery of later, higher-order stage functions 
is pQgisible. * Stated schematically,' the order pf acquisition of stages 
is A-B-c-D; in order for a particular ^individual to have reached stage *D 
stages A, B, and C must have been pr]eviously mastered.. 
y Just as there exists an invariant order among stages, ther-e also - 

-exist within-staqe sequences 'for certain developmental periods. Perhaps 
the best example would be the six substages of the sensor i-motor period. 
Tor thc^ cv>ncrete operations period, Piaget and Inheldor (1962) concluded 
that the order of acquisit^ion of 'conservation of Quantity, follows an 
invariant elCpmental sequence i:* which conservation' of mass precedes 
consorva t io?f of weight, which in turn proceoes conservation 6f volume. 
Pia^^€*t torms t'le-e progressions wr^hi'^ a g^:,vo^ ^tage, decalages horizontaux . 
Jhor* ••xists a iaq in the sqnse that "the child miiy even display different 
levels of achievement in regard to probiaits involving sinjilar mental opera- 
tions 'f3insburg,& Opper, 1969, p. 162]." In addition^ the order in which 
quantity conservation develops* is also invariant in that a child will pro- 
ceed through the stages of non-conservation, transition, and 'conservation. * 
The stage non-cop.serva-lrion is exem^^iified by the child who never 
conserves,, while during**the stage of conso^rvation the child always con- ^ 
serves. The transitional -stage is oremplificd by the child who is extremely 
variable in his or her conservation judg.-nonts. * ^ 

The cognitive functioning associated with the concrete operations 

period is the primary focus* of tne research reported in this paper. 

Althc/ugh Piaget 's recent writin<5.^ , (-^.q* , Piaget, 1972) have eni-hasi^ed , 
the superbrdinate role played by tht. logical qroupenents deaJmc with 
clas.s jnd relational concepts, the naiority of the original Genevan ' 

studies and subsequent reDlication-validation studios have employed 
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derivative task formats. PerhavtiS the besb known of those concretQ o| era- 
tions measures are the conservation of quantity '^tasks (e.g., mass-substance^- 
/ amount,^ weight, volume, leng-feh*, ar^;a-, nium^Dor ) . Conservation may bo ' . 
defined as tjie abxlxty .of a person to be aw^re of the invariant properties 
or dimensions of. objects in the face 'of irrelevant spatio-temporal transr 
formations. The major developmental ipipurtance of conservation acquisition 
is ot^enly recognized. As Fiavell points out: ^ - ^ 

J It was an act of creative inspiration when iPiaget hit upon the 
idea that .a wide variety of cogoi^tive areas^r-number, qyanti^y, 
time, ^tc.~aro in certain crucial r<^spects mastered according 
to <i' common procedure: to discover what values do and do not 
riynain invariant (are and are not conserved) in, the course of 
any given kind of change or transformcition; only when this is , 
done is the wav^'aved for further operations (which are also . 
common denominators ac3?oss areas), e.g. , ."qualitative and. quan- 
titative measurement, application of tlie transitivity^ law, etc. 
There is no question but t.hat the formation of cdVicrete opera- , 
-tlo'n^ 11- the Richest chapter in Piaget's developmental story, 
« • in the^ sense of sheef abundanc<^' of highly interesting empirical 

data. 'It does not seem likely' that all this, would or could have , 
come about without ^he concept of. conservation-formation and 
related unifiers (d. 415], " ' ^ 

* 

* The relevant aspects of the conventional conservation task as contrasted 
with identity conservation have been summarized previously: " ,1 

The ma^or aspects of conventional conservation task may 
be outlined as follows: Given: Tvi^o stimulus items A and B? 
e.g., containers with equal amounts of small seeds and three 
separate points or intervals in the .conservation' setting. 
Time 1: A-B (A, and B arc judged as containing c?iual amounts ^ ^ 
of seeds)? Time 2: B^ (The contents of B are transferred or \ « 
• transformed to a container of a different 'shape, C); Time 3: ^ 
A?C (The S is questioned as to the relationship,' equality, or 
difference of amount, between the standard stimulus A and the 
comoarison stimulus C) . 

If the S, when questior^ed at Time 3, responds that A=C, the E 
infers that B and C "were' in*« f act judged equal^ amount- In 
contrast, the response Aj^C^^tesults in the E*s inference that. ^-s^ 
^ BpC, hence a nonconservation judgment is assessed. ' ^ ' * 

^ Note tha^ in the conventional conservation setting outlined 
above (do^l^teated equivalence conservation by Elkind) , the £ 
" is never ac^ally required to -judge overtly the relationship 

of stimuli B and ^. Yet, the realization that the property-^- ~ - 

' at issue, i.e., Cihe substanj::e-amount,, weight or^volume of the <^ 
:^timulus array does not alter following the transformation of 
B to C, is patently esserftial to a correct solution of the 
' criterial task. Obviously, a £ who does not judge B=C is not w 
likely to 'conserve* the relationship of A=B; therefore, A=C 
as outlined above. 
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Idenfe^ity cons.ervation is ^fined as the realization that the^ ^ 
single stitnu^us transformation B- into C does not a^el a funda- 
mental property of the quantity in question. PiageC^s explana- 
ti^on and description of the processes whereby the , child* gradually 
passes from a stage of nonconservation»'t:o in intuitive and 
' transitional stage' and fin^l^ly achieves the third stage bf 
completdGly logically justified conservation performance is 
based directly on consideration of this ident,ity "case. Thus, 
^th6 Jthre^ major post facto rationales which are logical]/ ade- 
• • ' quate and :ronsistent for Piaget, e.g., addition-subtraction 
^ schemas — 'nothing h^s been added or ta\en away'; reversibil- 
ity — 'if you poured the seeds back to' the first container 
t^hey would have? tht^ same amount'; and compensation-proixjrtion- • 
ality or the compensation of rela Lions- r ' that glass of seeds is 
shorter but narrower too, ' refers to the relationship o'f B 
to C as cited above. The latter explanation category, the^ 
^ compensation of relations, play^s^ a primary role^in Piaget's 

conceptualization of , conservation acquisition. Whil^^ identity 
conservation is the focus of Piadet's theoretical explanation 
and forms the bas>s for his descr\ption of the* stages of con-^ 
servation and quantifying coordination, his assessment format 
IS primarily the paired-stimulus equivalence sotting (Hooper, 
19o9a, -p. 235-236] . ^ - . , 

Since identity const^rvaty^n must always be inferred in the conventional 
conservation problem, boVh Elkind (1967) and Hooj^er (1969a) opt for the 
earlier appearance and understanding of identity conservation as a 
necos:^ary but not sufficient, condition for the successful c^ittainment 
of eqq I valence conservation. EqiSivalence conservation ability also \^ 
requires a deductive argument for •uccessful completion. 

While quantity conservation involves infraXogical operations that 
are :ipatio~temt^ral and continuous ""in ch*ajfacter, transitivity appears 
to involve only loqxco-mathematical oper^tions^-(Flavellf .1963). In a 
typical transitivity task a^ child infers 'from the observations h > W, 
and B C, that A must )>.e greater- than C, Thus, for example, the subject 
vould ob-^ervc that sti6k A is lonqer than stick B and that stick B is 
iwm^er than f^ticT; C. He ivpuld infer 'that stick A is longer than stick C. 
At; li; the cas<? witli the conventional conservation task, transitivity 
al^.^ roqu=..res a deductive argument for successful' completion. Thus, 
Lutr* ciiaivalcMiC'j conservation and transitivity should ai.pdar concomitant 
in ter?i-H of their »:^erginq op»erati6nal appearance. This position is in 
bU.uc :iar*^enient with Piaget and Inhelder's (1962) claim that transitivity 
an i*c:on^^>crv**aticn develop synchronously. • ^ 

Fr^vmus ^.tud^^es have found either conservation more difficult than 
tram itivity (i.e^/ Biainerd, 1373) .and Lovell & Ogilvie, 1S61) or traq- 
.5 it IV I ty nor e difficult that conservation (i.e., CSarcoz, 1969; Kooistra, 
M Ma^l^^ l^'^G^; Smedslund, 1961; Siuedslund, 1963). 
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previous research 

"conservation . 



Although Piaget and ^Inhelder (1962) originally assumed identity and 
equivalence conservation to develop simultaneously as an all-or-none 
proposition,' there has been conflicting evidence concerning the hypothe- 
sx^ed decalage between identity conservation and equivalency conservation. 
Summaries the i<^entit^ and equivalence conservation studies reported 
in fehis ^section appear inxTableJC. A number of studies* reveal data in 
sup|x5r,t of the priority oft the^ emergence* of identity conservat\or4. Elkind 
(1966)* ustid ^'^8 children, 4-7 years .old, of middle to high SES, \o test 
conservation of s42e, fojftn/ and length acrjoss* illusory transformations, 
and^ found that^ children have *iib more difficulty attaining conservation 
using illusory than using real "transformations. Significant age effect? 
revealed a xegular increase ^in mean scored with age. Significant test effects 
revealed that the form conservation test was easier than the tests for s,iz^ 
and length conservation,', which^^were of about equal difficulty, w^^ile the> ^ 
length test which employed the Muller Lyer illusion format proved to be the 
mo^t difficult. Elkind hypo.thesized that conservatidn of form assessed only 
»the identity problem as there was no equivalence probl^ present. In addi- 
tion, the Mull^ejr Lyer illusion caused the most difficulty at the younger age 
levels. Once the Ss were of the age of concrete operations, the difference 
between the standard test for length conservation and the Muller Lyer length 
test disappeared. 

Ransom (cited in Elkind, 1967) provided evidence' to support* the 
developmental priorit/of identity conservation for length and continuous 
qua^ntities. It was hypothesized that the test for identity conservation 
could lead to what Inheldar (19.63) termed a "pseudo conservation," which 
is evidenced thrpugh memory falsification on the ^,rxrt of the child. 
D«icause a -subject has no way to compare a transformed stimulus (a clay 
ball rolled; into a sausage) to its original appearance, it Is possible 
to_distor:jbt^the -memor-y-of- the original size of the bill so it will equal 
the apparent increase in the size of the sausaqe. Ransom based his 
conclusions on procedures whereby the previous state of a given quantity 
before transformation could be marked in some fashion, thus eliminating 
judgments based on memory falsification. 

Hooper (1969a) assessed 18 males and 18 females of 6, 7, and 8 years 
of age and of middle SES, to test identity and equivalence conservation 
of a discontinuous quantity 'under moderate and extreme transformation. 
The .rationale behind employing both moderate and extreme transformations 
in the identity and equivalence conservation types was to \^erify the 
assertion made by Piaget that children in the transitional sta,ge between 
non--conservation and conservation A^ould conserve under moderate trans,fOrma- 1 



txon of the stimuli involved but might <fail to conserve under extreme de- 
formations. In addition, hooper included two types of equivalence conserr 
vation tasks. Equivalence Conservation I was equated to identity conser-^^ 
vation in terms of memory requirements and the perceptual cues that are 
required-, l^he only difference between them was the additional dedu<j^^tivj& 
sequence require'd in the equivalence conservation type. Equivalence J""^ 
Conservation II was the conventional conservation task used by Piaget and , 
his associates. For all ages, more children passed identity conservation 
than equivalence conservation. Overall, there was virtually no difference 
under the two equivalence conditions. Differences between identity and 
equivalence were most'^otable at the lower age level, and diminished to- . 
ward first and second grade. ' The one surprising finding was a significant 
sex difference, ^"^^^ereas 64.8 percent of the males were conservers under 
all tasks *and conditions, only 37 percent of the females were ..conservers . 
Th^priority of identity over equivalence conservation was most significant 
at tho kindergarten level for males and at *the first and second grade levels^ 
for females; No significant differences were observed for the moderate 
compared to' the extreme transformation conditions. 
- , Hooper (19G9b) , using similar tasks and scoring criteria employed "a 
repeated measures design to evaluate the identity/ equivalence relationship. 
Ei9hty 5 and 6 year-old subjects were^given the, tasks. The results showed 
no Ss to have passed equiva^lence and failed identity, while 11.25 percent 
passed identity and failed equivalence, 13.75 percent passed both tasks, 
and 75 perpen/ failed both tasRs. The results were taken as adding support 
to -the identit^/p^uiva^lence (distinction. 

Niair (cited in Bruner', Olver, .Greenfield, et .al . , 1966) used 40, 5 
Y^ar-old Ss from a Bo:?ton suburb, to, study the relationship of qualitative 
identity (the "same" water) and equivalence conservation of a continuous 
quantity.^ The children were divided ^into two groups, those who conserved 
on- the clas'sical prettiest and tho^e who did not. The specific task involved 
the filling of two identical plastic boxes with the same amount of water, 
one by the -experimenter,^^ the other by the child, alid placing wooden ducks 
on their "lakes. "^ At the suggestion of the experimenter the child moves 
his or her duck to three different ponds and takes the water with him. 
After each* move, twq questions were, asj^ed of €he child. One question 
stre-^sed the qualitative icjfentity aspebt of the task; the other question 
^'--.essed the equivalence aspect of^ the ta^k. ^ The questions were .given in 
a counterbalanced order; half the Ss were' asked the identity question 
first and half the Ss were asked the equivalence question first. Results 
^indicated \hat 50 percent of the children who conserved on the pretest 
argued some variation of "same" "water to assert the. invariance in amount 
of water. Of tho^e who were classified as non-cQnservers on the pretest, 
oirily 10 percent used the sameness of the water tq argue the invariance la 
amount. Also, £s who were asked questions of identity before questions 
of equivalence were more successful in answering both, types of questions _^ 
than were Ss asked the questions in reverse order. Nair conclud<^d iHiat 
"identity i^* a nocessary if not sufficient conditioa for quantitative 
equivalence. 

McM-inis (1969a) 'studied the identity/equivalence relationship in 
60 retarded chudf^n, Ss each mental-age 5 to 5 years. ■ All children 
wore* g.ivhin idontity and equivalence tasks which ejnployed the use of both 
di^icontiouo is '(styjnifocvm balls) and cont-inuous (clay and water materials. 



Within. a given MA group, both task material types and the identity/equiv- 
alence tasks were presented in a counterbalanced order. Results indicated 
an age related progression of success in both types of conservation. Of 
particular importance, however, was the fact that no S^s who failed identity 
conservation passed equivalence conservation. Of the total ^subject popula- 
tion, 13 prercent to 18 percent ^xljyibited identity conservation abilities 
but not equivalence conservation. McManis concluded that identity con- 
servation was a necessary condition, for equivalence conservation. 

Elkind and Schoenfeld /(1972) used twenty-two 4-year-old, and twenty-two 
6-year-old, lower-middle SES children, to test iden+-.ity and equivalence 
conservation for number, length, liquids, and mass. Two^sets of five » 
pennies were used in the number taskp two* identical glasses, a beaker, and 
a pitcher of colored water were used in the liquids task; two drawing 
pencils were used in the length task;, and two clay balls were used in the 
mass conservation task. Half of each group of children received the 
identity tasks first; half received the equivalence tasks first. Results 
showed (1) higher meaa conservation scores for older children; (2) that . 
identity conservation was easier to conserve than equivalence conservation 
in the younger group; and (3) that both a^e groups found conservation, of 
number easiest to conserve^ followed by length, mass, ^and continuous 
quantity. 

-Not all studies, however, report findings that are generally suppor- 
tive of the identity/equivalence distinction. Papalia and Hooper (1971) 
used sixty'* 4-, 5^, and 6-year-olds from middle SES, to test qualitative 
identity, tjuantitatiye identity,, and quantitative equivalence conservation 
of substance and number, in the order of difficulty just stated. The two 
conditions were wirh' jus+*if ication and without justification. The sample 
employed 10 males and 10 females at each age level. Each child receiv^ed 
all the tasks and each task content area was presented in counteroalanced 
order. Within the specific content area, however, the tasks were administered 
in tha hypothesized order of difficulty^ Results indicated that the order 
of presentation did not affect 4:he performance of a subject significantly, 
and that the with justification and^ without justi'f ication conditions did g 
not result in any significant difference. The most important finding, 
however, was that although a predicted order 6f diffiiculty was found 
for quantity, no pred^icted order of difficulty was found ^ for number con-- 
servation. Unlike the Hooper (1969a) f ihding or a male superiority bias 
on performance, "tjiis study found a slight female superiority bias for thje 
with justification condition. 

. ' Moynahan and Click (19-72) used 57 Ss (33 boys and ^2-4 girls) , 5 years 
11 months old, and 39 Ss (21 boys and 18 girls), 6 years »9 months old, of 
middle SES, to test for identity and equivalence conservation of number ^r. 
length, continuous quantity,, and weigfi-^/ The^results revealed that as a , 
group, there were substantial numbers of conservers and non-cons ervers , 
thus indicating a transitional perio^l of conservation iacquisitioh for 
mcst subjects. Concerning, the identity /equivalence distinction,, only 
the^^first transformation of the length task shov/ed results favorable to 
tf^hypo tresis of an earlier emergence of identity conservation. Of*the 
13 S_s involved, 12 .passed the identity and failed the equivalence tasks. 
On the content ar^as of number, quantity, and weight, however, results 
indicated a co-occurrence of identity and equivalence conservation. One 
possible explanation offered by Moynahan. and Click is that equivalence 



conservation performancSldoes not necessarily involve the use of transi- 
tive inference, thus making it no more difficult to solve than identity 
conservation. An alternative explanation is, of course, that the ability 
to make transitive inferences is already possessed by a conserver, thus 
making the equivalence^tasJc no more* difficult than identity conservation. 

Schwartz and ScholnicL (1970) examined 8 males and 32 females, of 
middle. SES, ranging in age >f rom 4 year.s 5 months to 6 years,^4 months, to 
non-verbally assess ditect qomparison, identity, and equivalence estimates 
of discontinuous quantity using two containers that were either identical 
or different. Scalogram analyses revealed -that ,wh6n containers were iden- 
tical, identity judgments were more inaccurate, whereas when containers 
differed, identity jlidgment^ were easier than equivalence and comparison 
judgments. The scaling technique also revealed that two major variables 
affect performance. ^ The elements in the stimulus situation and the^ • 
stimulus setting were found to affect both mastery of the conservation of 
a discpntinuous quantity^ and the judgments involved. 

Teets (}.968f assessed 120 first, second, and third 'grade Ss from two 
SES levels to measure identity and equivalence conservation of weight. 
Stimuli employed in the tasks were four ,sets of colored^ differentially 
configured Lego blocks. Although perceptual alteration distorted the 
apparent from the real, all blOQks were t;he same weight. For "the total ^ 
Subject sample, eighty-two Ss^^assed both tasks, 24 Ss failed both tasks, 
8 Ss failed identity and passed equivalence, and 6 Ss passed i^eh^ity and 
failed equivalence. In the flirst grade, lower SES group, in which ^a 
greater number .of children passed identity than equivalence, there W,as^ , 
little evidence to indicate a priority of identity conservation over , ^ , 
equivalence conservation. 

' Northman and Gruen (1970) * used'.' '^Ixty-five second- and tliird-grade ' 
children ranging in age from 6 years "ll months to 9 years 8 months to 
assess identity and equivalence conservation of continuous quantity 
(water). In one sitting, three identity and three equivalence tasks were 
,given in six different orders. The results did -not support the identity/ 
equivalence distinction. Most children cojnserved in an "hll or none" 
fashion. Northman and Gruen (1970) suggested two explanations: (1) 
significant identity/ equivalence differences may be of brief develop- 
mental duration, or (2) the logical requirements 'involved in conserva- 
tion do not represent the psychological processes of the child. 

Murray (1970) tested^-113 Ss on identity and equivalence" conserva- 
tion tasks given in four different presentation modes. Subsamples of 
,33 kindergarten-first gra'de £s (x age = 6.24 years) were given identity 
and equivale^nce conservation of number, while 80 second grade Ss (x age = 
8.25 years) were qiven ia-intity and equivalence conservation or weight. 
Results indicated^no significant, differences betwe.en identity and equiva- 
lence conservation. 

Koshinsky and Hall (1973) conducted a replication of the Hooper 
{'1969a) study employing the same tasks but with a within-subject assess- 
ment design. Soventy-^two Ss, 12** male and 12 female, from kindergarten, 
first, and second grades werq tested in the experiment. The main focus 
of the study centered on the comparison ijetweeh identity and equivalence 
conservation. Results showed no significant performance effects due to ^ 
sex, degree of transformation, or equivalence task. Older subjects per- 
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formed better than younger subjects^.. "No difference m the degree of ^ 
difficulty between the identity ^nd equivalence tasks was found. Over- 
all, "86 percent of the -&s--passed.,the JLdentity/equi valence tasks in an 
all or none fashion, 4- percent passed identity and failed equivalence, 
while 10 percent passed equivalence but failed identity conservation. 



TRANSITIVITY . . , .' " , 

• AS with the controversy surrounding the developmental priority of identity 
compared to equivalence conservation, ,much discussion surrounds the relation- 
ship of transitivity to seriation, class, inclusion, and conservation. Piaget • 
and Inhelder (1962) theorized a simultaneous development between, cons erva- , 
tion and transitivity within a given content area. 

Braine (1959) questioned the validity of Piaget 's studies of transi- 
tivity because they failed to eliminate variables that were not part of the • 
transitive inference process. In particular, Piaget 's studies of transi- • 
tivity of length failed' to separate the child's- inferential response frbm an 
ability to use measuring instruments and verbal skills necessary for the con- 
. ceptual understanding of the. task. Braine's study investigated , the develop- 
ment of the inferential response and of order discrimination, and the develop- 
mental relationship between these two acquisitions. He assessed 18 boys 
arid 23 girls, ranging in age from 3 years 6 months, to 7 years, in a non- 
verbal,' counterbalanced.order task' setting. Although the results strongly 
supported Piaget 's notion of developmental stages in the acquisition of 
transitivity, both inferential reasonipg and otder discrimination ability 
were found to exist- two years earlier than Piaget>laimed (approximately- 
7^8 years). Smedslund (1963), while basically in agreement with Braine s 
(1959) criticism of Piagefs transitivity experiments, was critical of Braine 
for not controlling correct judgments based on .something other than the 
.transitive inference (i.e. guessing, 'perceptual discrimination, npn-transi- 
tive responses).. Controlling for a non- transitive hypothesis, Smedslund 
assessed 107 Ss ranging in age from 4-10 years. As with Braine's (1959) 
findings, Smedslund 's findings strongly sup^cSrted the notion of develo^)men- 
tal stages in the acauisition of transitivity. This s^udy, however, also 
supported Piaget 's notion that acquisition of transitivity usuallv occurs 
at about 8 years of age. In regard to Piaget and Inhelder 's (196^) ' 
hypothe.sis that conservation and transitivity develop simultaneously, those 
Ss who displayed transitivity also displayed conservation. 

Murray and Youniss (1968) took issue with the fact that most inves- 
tigators assessed only one of three possible relations in the three tepn^ . 
sets involving transitive inference. In the paradigjn; A > B > C, a child s 
response that A- > C could merely be a reflection of consistency in choosing - 
the longer stick rather than an inferential judgment. They devised two 
paradigms to control for noninf erential re.sponses: A >■ B = C, and A - B > C, 
and assessed 24 boys and 24 girls, at each grade level, kindergarten thro.ugh 
second grade, on transitivity and unidimensional seriati6n tasks. The 
results indicated that 'the dbnventional transitivity paradigm, A >.B > C, 
■Vas easier than both paradigms devis.ed by Murray and Youniss, and that the ^ 
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paradigin, A = B > C,. revealed the "clearest" age trend. In addition, 
^ only 15 percent of the Ss wh6 passed transiti^/ity failed seriation^ thus 
sugporting the JPiaget, Inhelder, and Szeminska (1960) claiin that seriation 
is necessary to the understanding of transitivity. 

-Youniss and^Murjcay (1970) investigated inferential behavior when con- 
trols a llowed, measurement but not differential size designatj.ons prior to* 
the cjioice trial. Thirty- two kindergarten/first graders and thirty-two 
third graders. were tested on three different transitivity paradigms, and a 
control condition.' Following the transitivity trials, each child v/as 
tested, for serial prder-ing.' Results revealed that younger £s (CA 6) 
failed- to make transitive ijiferences and that older Ss (CA .8) were only 
moderately successful.. Both the age at which transitivity occurred and 
the developmental.. priority of seriation in relation to transitivity supported 
the earlier assumptions of Piaget. * 

A number of studies have bl'en concerned 'with the Piaget and Inhelder 
(1962) hypothesis chat conservation and transitivity develop .simultaneously 
with respect to a given content area. Smedslund^ (1961) tested 135 Ss 
. ranging ih age from 5 years 6 months, to 7 years. Results revealed that 
altliough. 20 gercent pf his subjects displayed conservation of weight, 
only 1 percent of these subjects displayed transitivity of weight. Kooistra 
(1965) te;5ted the relationship^ of conservation and- transitivity of weight 
in a sainple of 12 boys and 12 girls from each 'age leyel 4 to 7 years. Re- 
, ^ sQlts showed that only two of the 96 Ss. deviated from the prediction that 
conservation is structu?-ed in the childVs thought ^ before transitivity. 
McManis (1969b) found conservation of length and weight to be significantly 
^ easier than transitivity of length and weight when testing 90 normals,, and 
90 retardates matched £ar mental ^age (MA)., between B-10 years. Garcez 
(1969) investigated the effect of e'mpirical .demonstration on both conser- 
vation and transitivity. Although 24^ percent of the Ss trained on both 
conservation^ and transitivity gave, operational responses on a post test, 
hone of those subjects trained on transitivity ^alone , could. give operational 
responses on a posttest.' Garcez concluded that operational acquisition of 
conservation was needed for transitivity. Lovell and Ogilvie (1961) 
employed .262 Ss, both con servers and non- con servers, to examine the effeot 
of transitivity .abilities. .Bott! groups of subjects were found to perform 
transitivity operations. Lovell and Ogilvie concluded that conservation 
did not "affect -transitivity judgments. . / ^ v 

^ _ Brainerd (1973) conducted two studies to. asses\ order of acquisition 
of transitivity, conservatipn, and class-inclusion of , length and weight. 
In on.e study, 60 white Canadian and 60 white American second grade Ss 
wer^ tested, and in another study, 60 white Canadian Ss were tested from 
each grade level, kindergarten, first, and second. Brainerd found transir 
tivity to .emerge befor.e conservation^ which in turn, was found, to emerge 
before class-inclusion. These results were inconsistent with both the 
predictions made from Piagetian theory and- the existing neb-Piagetian 
literature. In regard to the theory, Brainerd concluded that there were 
partial errors about which skills presuppose seriation and, whiclj skills 
seriation presupposes. Brainerd attributes the findings of - neo-^iagetian 
literature teethe relatively insensitive instruments used to test for the 
presence of transitive inferehces. - . , • ' ^ . ^ 
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Roodin and Gruen {1970X examined the ef^fect of experimental manipula- 
"^tniorr-e^-m^maizy^n-^aJc-i^ng^liransitive inferences. Seventy- two middle SES 
children, 12 boys and 12 girls from^^each of three different grade levels, , 
ranging in age from 4 years 8 months to ^8 years 5 months^, participated^ln 
the experiment.. .Half of the subjects at each age level, 5-"7 years, were^ 
allowed the use of a memory aid to make comparisons A > B, and B > C.. 
Results showed that those subjects who had use of a memory aid made s^gnif- 
icantly^more correct transitive /judgments, |)lus adequate explanations/ at 
every age level than those ^ho had no 'such aids,,^_ Roodin and Gruen 
corxcluded that the memory aid helped the child tQ use the relevant: inforpiation 
available, and to make the judgment clear enough so he or she could verbally 
explain the transitive inference..^ * ' 

/' '• ■/ . " ■ 

THE PRESENT. INVESTIGATION 

• 

It should be abundantly clear by now that questions regarding stage 
Sequence and stage correspondence, as tliey specifically relate to identity, 
equivalence, and tr.ansitivity abilities,, remain essentially unresolved. 
The- one conclusion that could be put forth is that experimenters hav§ con- ^ 
sistently f*ailed to appreciate the complexity of the task, ^s was pointed ^ 
out by Hooper, Goldman, Stprck, and Burke (1971) "The major'reasons for' 
lack of agreement on questions concerning stage sequence and stage corre- 
spondence fall into two categories: (1) operational varialDles, and (2) sub- 
ject variables (p. 42]." Operational variables include operational defini- 
tions, confounding variables, task forjnat, experimental replication, and 
data analysis. S.Aject variables include specific experiences, the general 
developmental status, and the language abil;^ty of the subjects.^ . 

Brainerd and Hooper' (1975) reviewed the literature' reported in this 
paper concerning Elkind's (1967) two-step analysis of the conservation ^ 
concept and found three major variables that could affect the supportive^ 
3nd non-supportive f indings^^related to cognitive developmental sequences 
U?ask, sensitivity, as. described by Flavell (1971)^ could^mask real sequences 
Qr produce sequences where none exist. Thus, for exainple, if the identity 

/task were more sensitive than the equivalence task, findings would probably 
support: the hypothesized d'ecaXage. If, on the other hand, the identity 
ta-sk was relatively insensitive when compared to the equivalence task, 
findings would probably show no sequence at all, or perhaps a reversal. ^ 
Examination of the supportive and non-supportive studies showed no clear- 

. cut differences In terms of. task sensitivity. Response criteria did differ 
between studies, and can be defined as either judgment only, or judgment , 
plus* explanation. '-Supportive data reported by Schwartz and Scholnick (1970) 
and Elkind and Schoenfeld (1972) employed the judgment onl^j condition. The 
non-supportive data reported by Moynahan and Glick (1972) and Teets (1968) 
employed the judgment plus explanation condition. The nonsupportive study 
by Koshinsky and Hall (1973) employed a judgment plus empirical check 
criterion. The age "of tfte subjects invariably affects sequence-pres.ent and * ^ 
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sequence-absent findings. j:t is of inte^^est to note the absence of pre- 
schJi^olers in the non- supportive studies and the inclusion of pr-eschoolers 

-in three of the four supportive studies.**--' f 

The present crpss-sectional investigation focused on incorporating 
within one study the necessary controls that would enable the experimenter . 
to monitor ^the various operational/ ^,ariables that could affect the performance 
of the subject populatioi^. An attempt was made to- equate all tasks in 
terms of requirements other than the specific demands of the task in ques- 
tion. Response. criteria provided for both jucigment only and -judcfment plus * 
explanation conditions. ^The age of the subjects, * particularly those in 
the lower age range, was intended to ensure a non- inflated performance 
baseline. All^tasks exam ine<J two content areas, J;ength and weight, which ^ 

"allowed content performance comparisons. For the present investigation. 



the folJLowing predictions were examined: 



1. The age-grade' level factor is related to all the dependent 
measures. * ' . ' 

2. If the identity/equivalency (distinction is in fact a.yalid 
distinction, then identity conservation is of lesser diffi- 
culty than equivalence conservation within .a given content 

domain. 
»* *^ » 

3. If :^^he identity/equivalence distinction is valid, then the ^ 
largest differences will tend to occur at the earlier age« 
levels. . ^ * ^ ' , 

4. Transitivity is of greater difficulty than identity conser- 
vation, but approximately equivalent to equivalence 
conservation-. - , ' 

5. • The ;_with- justification condition should be significantly 

more'^if f icult than the without- justification condition. 

6. 'if the*'wjLth/without justification conditions reveal age^ 

related differences, then the largest differences will tend 
to occur at the earlier .age level's. 
J. Prediction of the conserva^tion relationship of an object with 
respect to, itself (identity) or another object (equivalence) 
will tend to be of, lesser difficulty than the correct judg- 
*ment of - the actuatf deformation. * „ 
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. / ' ■' . METHOD - ■ - - 

• ■ . f ^ . - * 

subjects' • • w ^ 

The subject sample for. the present investigation consisted of 180 / 
school children, of which 120 were drawn from the Beloit, Wisconsin,. « 
Public School, system', and'* the remaining,' 60 drawn from private preschools 
in ^Madison, Wisconsin. Sixty Ss were drawn from each of three ^^rade ^ , 
levels, preschoolr kindergarten, and third, distribution of tile subject- ' 
population by age and se-x is described in Table 2. The kindergarten and . 
third, grade subsamples were randomly drawn from the four elementary schools 
that, were designated as ^target populations* The prefechool subsample was ^ 
selected randomly from the entire j^opglation of 'one preschopl and'^rom^-- ' 
children returning parental consent slips at tl^e other preschool. 
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Distribution by Grade, 


Mean Age, 


and Sex pf the Subject-^Population ^ 


Grade 


Subjeqts 


Males 


^ Females' 


Mean Age 


Age Range 


Pre 


60 . 


31 


29 


4- 1 


. 2^8 to 5-3 


' K 


• % 60 . ■ 


■ 30 


30 


»5-10 


5-3 to 6-3 


3 


60 % 


* 

' 30 


30 


^8-^9 


",8^3 to ^-^ 



.DESIGN . " •; . ' \- 

***** * 

Wit^hin eaph grade, level ten subjects were* randomly .assigned to each 
of six counterbalanced orders of presentation (see Table 3) for 'the transi- 
tivity and conservation task, conditions for length and weight. "A warm-up to 
f^iliarize all subjects with the critical term^s preceded all task orders. 

, The questioning for all six counte^rb^lanced 'prders of presentation always inj 
volved the critical tems "Same," "More," ai:id "Less" in that order. In addi- 
tion, conservation of length always , preceded conservation- of weighj in both the 
identity and equivalence tasJo-formats. ^ Within each .conservation task, for 

'both bxtediction an^ deformation, ^very'£ was i]^quired;t6. j]Jstify his or her 



ob-j^ctiye response' to one, of the three questions. At Sach .^.rad'e leve,!,. 
one-third of, the Ss were asked for justifications on questions implying 
*the "Same," one- third on ques^ons- implying "More," and one-third on ^ 
questions implying "fjess^. " Over all the conservation tasks, each S_ gave 
eight justifications. ' .\ ^ w / 



Table 3 

Orders -of Presentation for Identity, 
Equivalence,- and Transitivity Tasks 



: 1 ^ ~ 

(1)^ * A) Identity 

B) p<5ui valence 

C) |Trans'itivityr 



^(2) A) Identity 

C) Transitivity 
\B)' Equivalence 



(3) B) Equivalence 
C) Transitivity 
A) Identity 



(4) B)' Equivalence 
A) Identity 
^ C) Transitivity 



(5) C) Transitivity 

A) Identity 

B) Equivalence" 



(6) G) Transitivity 
B) .'Equivalence 
A) Identity 



MATERIALS 



The materials that were used in the basic task format are outlined below 
(See Appendix A for complete task administratio^n descriptions.): 

1.. Warm-up: a picture of two percjsptibly unequal parallel lines 

(10-cm and 20-cm) , and two perceptibly unequally weighted, ^ 
- cylindrical wooden blocks . " . - 

2. ^ Transitivity, of Length:* two blue sti^cks, one 27.0-cm and one 
^28.0-cm, mounted on d 32" x 20" illustration board 26 inches 

apart, and one 28.0Tcm white stick, unmounted. 

3. Transitivity of. Weight: one red and one grey clay ball of 
equal weight (5 1/2 oz.), and one grey clay ball of. a lighter- 
weight (2 02.), but equal in diameter to the two weighted balls. 

4. Conservation of Length-Identity ' Format : one 28.0-cm string. 

^ 5. Conservation of Length-Equivalence Format; two 28.0-cm strings. 
. 6. Conservation of Weightrldentity Format: one green clay ball, 
2 oz.-in weight. 

7. Conservation of Weight- Equivalence Format: two brown clay balls 
of equal weight (2 oz.) * 



Procedure 



The task battery %was preceded by a warm-up and individually administered. 
In addiction to familiarizing each subject with the critical terms implying 
"Same,-*' "More," and "Less, "^ the experimenter was encouraged to promote a 
relaxed, free,, verbal interacting atmosphere between himself or ^ herself and 
the subject. " During ^this warm-up, the E_ placed the picture of two perceptibly^ 
urvequal parallel lines in front of the S_, so t^at the longest line was 
nearer the £. The following questions were then asked: (a) "Are these two 
lines the same length?"; (b) "Which line is longer? "? and (c) "Which line is 
shorter?" The'E .then removed the "picture from the table and gave the S a 
cylindrdcal block to hold in each hand and aslced: (a) "Are these two 
blocks the sar.ie weight?"?, (b) "Which block weighs more? "? and (c) 'mich 
block weighs less? " If the £ did not seem to understand the relational terms, 
as indicated by the objective response, the E repeated the warm-up or that 
portion about which the S seemed .uncertain. If a s' had failed to understand 
the relational terms, it would have been necessary to drop that particular 

from the sample and select another at random. The^ task battery was 
admir))bs,tpr,ed individually^ W each S in a room outsid^ the child's classroom. 
TO-taiv^d^iVrstr;ation time was approximately 20 minutes. 

Actual 'procedures for the tiansi^tivity and conservation tasks were as 

follows:* ' . * ' - . 

/ 

1. Transitivity of .Length (adapted from Brainerd,. 1973)-: 

' The E placed the board, having a 27.0-cm blue stick ^nd a' 
• ' 28.0-cm blue stick glued down approximately one arm's length 

apart, in the middle of the table 8^10 inches from the S.^ Taking 
the 28.0-cm white stick and placing it next to the 28.0-cm. blue 
^ stick, the S was asked, "Are these two sticks the same length?" 
Next, the E placed the 28.0-cm. white sticK next to the 27.0-cii(i - 
blue stick, and asked the S, "Is/one of the sticks longer? " 
If an affirmative response was given, the child vas also asked, 
"Which one?" Finally, the E, removed the white, stick from tKe 
table and asked the following: (a) "Are these two -S ticks the ' 
same length?"? (b)^ "Is one of the stiaks longer? "? and . 
(c) "Is one of the sticks shorter?" ' If the child responded ^ 
affirmatively to questions (b) and (c), the E^also asked the 
S to indicate which s€ick was lo^nger in question (b) , ajid 
shorter in question (c) . 

2. Transitivity of Weight (adapted from .Brainerd, 1973): 

* ' The E placed the three clay balls in the middle of the 

table, S-Tq. inches from^the S. The E then asked fiie^S^ to" 
hold out his or her hands, palm up, after which one grey and. 
one red'clay ball of equal weight -were handed to the S_. The 
E then asked, "Do these two clay balls weigh the same?" The 
grey clay ball was then removed from the £!s .hand and placed 
on the table 8-10 inches in front of the hand in which it 
was held. Then the^red clay ball was removed and placed in 
the hand opposite the one in which it originally appeared. 
Next, the lighter grey clay ball was placed in the remaining , ' 
epipty hand, while the S was asked,-' "Does one^of the clay ' /\ 

balls weigh more? " If the S_ replied af f iirmati-vely to the * ! 



quescioQ^ the chiJLd was also asked, ^"Which one?" The grey 
clay' bail ' was removed and placed oh the table 8-10 *incftes 
in front of th^ hand' in wlUch it was held. Finally, the IE 
removed the red clay ball from the table and a^ked -€he►-^ ^ 
following:^ (a) "Do these two clay balls weigh the saing?"; *^ 
(b) "Does one of the clay balls weigh more ?"; and (c) "Does, 
one of the clay balls weigh less? " If the child responded 
affirmatively _ to questions (b) and (c), the E also asked the ^ 
£ tfo indicate which clay ball weighed more in question (b) , 
and which less in question (c) . ' 

Conservation of Length-Identity Format (adapted from Hooper, 
1969a) : 

Placing the 28.^0-cm pi^ce of string in the middle of the 
table 8-10 inches from the S,, so the lengt^h ran horizontally 
in straight .line from the S* s left to right, the E asked 
the following: (a) "If ^I were to make ttiis string into a^ 
circle^ would the string still have the same length?"; 

(b) "j/ I were to make this string into a circle, would the * 
string be longer? "; and (c) "If I were to make this s.tring 
into a circle, would the string be ^shorter?" The E then formed 
the string intOva circle (toward the S) and asked the follow- 
ing: (a) "Is this^stririg the same length as before?"; (b) "Is 
this string longer^ than before?"; and'(c) "Is this string 
shorter than before?" 

Conservation of Length- Equivalence Format (adapted from Brainerd 
1973) : ' - . 

The ]E placed the two 28.0-cm pieces of string side-by- 
side in the middle of the table 8-10 inches from the S_, so 
the length ran *hori2ontally frpm tlie S^'s left to right, and 
so the strings were observed to ,<be of equal length. The £ 
was required to verbalize this latter fact. ^ Leaving the 
strings .exactly as they were, the E asked the tollowing 
questions while pointing to' the string nearest the^ £: (a) 
"If I were to make this string into a circle, would the two 
strings still have the same length?"; (b) "If I were to make 
thi^ string J.nto, a circle, would one of the strings be 
longer? "; and (c) "If I were to make this string, into a 
circle, .would one of the strings be s horter? " Taking the 
string nearest the S_ and forming it into a 'circle, the E asked 
the following: (a) "Are these two strings the same length as 
*befor4?"; (b) "Is one of the strings longer than before?"; and 

(c) "Is one of 'the sttings shorter than before?" 
Conservation of Weight- Identity Format (adapted from Hooper, 
1969a) : 

^ Placing the green clay' ball in the middle of the table 8-10 
in61ies from the S, the'E 'asked the following: (a) "If J v;ere 
to roll this clay ball into a hot dog, would the piece of 
clay still have the same weight?".; (b) "If I were to roll tfhis 



clay .ball into a 'hot dog^ would -the piece of clay weigh more ?"; 
and' (c) "If r.-were to roll this piece .of clay into a hot, dog, 
would the piece of clay weiigh less? " The E then rolled the 
diece of clay into a hot dog, and asked the following: (a) 
"Does 'this piece of clay weigh the same vas before?"; (b) "Does 
this, piece of" clay weigh more than before?" ; and (c)^ "Does ^ 
this piece of clay weigh less than before?" 

Conserv,dtion of Weight-Equivalence Format (adapted from Brainerd, 
19?3): " ' ^ 

The 'E^ handed a brown clay ball to the £ to hold in each 
hand so the £ could verify the equality of weight between the 
two stimuli* The £ was required to verbalize this latter f^act* 
Takrincj the clay balls from the •£ and placing them on the 
table si^e-by-side, 8-10 inches from the £, the asked the 
following questions while pointing to one of the stimuli: 
(a) "If I were to flatten this clay ball into a pancake, would 
the two. pieces of clay still have the same weight?"; (h) "If 
I were to flatten this clay balL"into a pancake, would one 
of the pieces of clay weigh more?"; and (c) "If I were to 
flatten- this clay ball into a pancake, would on& of the pieces 
of clay^ weigh less? " The E^then flattened the clay ball into ^ 
a pancake,, and a^ked the following: (a) "Do these, two pieces 
of clay we^gh the same as- before?"; (b) "Does one of the 
pieces of clay weigh more than before?"; and^, (c) "Does one of 
the pieces o;f clay weigh less than before?'^ 



' IV 
, RESULTS 



INITIAL CONSIDERATIONS 



Each test administrator was responsible for the reliability of the individ- 
ual protocols transferred to computer score sheets 'for data analysis; each 
scored those subjects to whom he or she had administered the task battery. 
The test, score sherets were then, checked by another test administrator to 
ensure cgrrect scoring. In addition, a Hoyt reliability coefficient was 

^ computed on the 24 task items und^r consideration when ali conservation ' 
tasks were combined. Case one included all conservation tasks witl] suppor ^ 
ing explanations; case two included all conservation tasks without support- 
ing explanations (i.e. , a=-95, case one;' and a=-94, case two). The preschool . 
subsamplje was not included in this estimate of reliability^because of floor 
effects, and, therefore, the values computed reflect a conservative estimate. 
Likewise, a Hoyt reliability coefficient was computed for the 10 task items . 
when transitivity of length and weight were combined (case one) , as well as 
each transitdvity" task by itself (i.e. , .a=.87, case one; a=.94, case two- 
length; and a=.91, case three-weight). The preschool subsample was hot in- 
cluded in this estimate of reliability. 

Initial considerations concern the order of presentation effects on 
pass/fail dichotomous da^a. As indicated previously, subjects from each of , 
the three grade levels, preschool, Ki/^dergarteri, and third, were randomly 
assigned to one of six counterbalanced oj-ders of preseVita.tion for the 
transitivity and conservation task conditions in the content areas, length 
r and weight. With. the exception o^ two cases, there was a notable absence 
of significant presentation order effects. At the preschool level, those 
subjects who received the transitivity tasks .-^fpr length and weight firsf^- 
(Orders 5 and 6) and last (Orders' 1 and 4) significantly outperformed 
those subjects who received the same tasks second (Orders 2 and 3) . Re- 
sults 'were significant for both length. {x^=9. 62, df-2, ^£< . 01)'' and weight 
(X^=8.75, df=2, .£<.02) ."^ 

In terms of overall performance, a nonsignificant main effect of spx 
was found for conservation of Ifength -and weight (see Table 7) . Individual 
pass/fail dichotomous data for each task, however, did reveal a significant 
male superiority on two ^conservation of weight cases (identity, without 
explanation)., prediction (x^=5.69, df=l, £<.05'^ and deformation -(X^=4.i8, 
df-1, £<.05). A sex x grade level interaction effect was significant for 
the length cpnservation task (i.^., F=3.2205, d*f=2, £<.05), although postr 

^hoc comparisons of the individual age-grade levels failed to reveal signif- 
icant pair-jwise differences on this dimension. ,^ ^ - 

The xdentity and equivalence conservation tasks for length and weight 
content were divided into 'two sets of pass/fail dichotomous data, based 
upon .both the prediction and the actual deformation of the conservation 
task in question, and the performance levels of the various subsamples under 
these conditions wore compared. Thus, for each grade level, a totaJ of , 
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eight four-fold tables (2 tasks x/2 conjtent areas x 2 criteria) of ob- 
served frequencies were generated under .the prediction/deformation condi- 
tions. A McNemar test for the significance of changes failed to indicate 
any differences between prediction and deformation. As a result, scores 
were combined across these coriditions. 



PRIMARY RESULTS 



Conservation 



! 



The general performance patterns of. the age-grade subsamples and , ^ 
overall composxte sample are pres^ented in '?able 4 (means and' standard devia- 
tions) and Tables 5 and 6 (frequency and^ ^rcentages of subjects passing) . 
A factorial variance analysis based upon a 0-'6 scoring criterion for 
each of the conservation. subtasks under the without justification: condi- 
tion is presented in Table 7. Observing the mean. scores, the factorial 
variance' analysis indicated_a^sJLgnificant grade level jmain effect for 
both the length and veight^measures . Mean scores oh all subtasks indicate 
that the- higher the age-gtade level the better the performance level. Like- 
wise, a significant main effect for the identity vs. equivalence factor was 
observed in both the length and weight measures. Mean .scores were consis- 
-te.ntly better across all gracje levels under the identity task condition. 
In* addition, a significant grade level x identity vs. equivalence inter- 
aation effect was observed. When the subtasks were broken down in terms 
of male/female performance patterns for each grade level, mean scores fail , 
to show clear-cut_patterns between grade levels. The subsample differences 
between identity and equivalence subtasks at each grade level did 'reveal a 
clear pattern. Mean score differences between identity and equivalence 
within the same content domain were largest at the kindergarten level,, 
.followed closely by the preschool subsample,, and last'^by the third grade, 
which showed the least differences. .' - ' - 

For data analysis leased upon dichotomous pass/fail data (see Tables 
5 and 6), as expected comparisons indicated significant improvements in 
criterial performances across the present agergrade range (i.e., all x 
values exceeded 50.96, df=2, £<.,001) and, with one exception, the largest 
differences occurred between kindergarten and third grade. In Table .6, for 
conservation of weight (identity), differences in criterial performances 
were greater between the preschool and kindergarten siibsamples (i.e., _ 
X^=18.8^, df=l, £<i001) than between the kindergarten and thi>:d glrade 
subsamples (i.e., x^=17.63, df=l, £<.001). Overall combined sample compari- 
sons of male vs. female performances for the various conservation tfasks 
were nonsignificant. . 

Pass/fail. performance levels on the identit]^ and equivalence tasks 
appear in Tables 8 and 9. ^ As indicated by both, tables, performance im- 
proves with age. However', more Ss passed both tasks under the objective 
response only condition, showing the clearest predicted trend. Excluding 
the preschool (no Ss at this level passed identity or equivalence )y in 
all domains more Ss passed identity and, failed equivalence than the reverse 
except the third grade subsample for length conservation. A McNemar test 



Table 4 : 



Mean^ and Standard Deviations of the Identity and 
Equivalence Tasks for the Variou% Subsainpl,%^^^ 
^ (Standard Deviations in Parentheses) 



- 

Grade Level 








4 - • *i 

Conservation 


Tasks ■ 


V 

s ^ 










-Length 




■-••Weight 


Identity 


Equivalence 


Identity 


Equivalence 


PreschooL * 
























Males 


2.48 




03) 


1.19 


(1.22) 


2. 


35 


(0. 


88) ' 


1.23 


(1.09) 


Females 


2.31 


^(1. 


47) 


1.17 


,(i.36) 


2. 


38 


(1. 


08) 


1.03 


(1.18) 




2.40 


(1. 


25) 


1.18 


(1.28) 


■2. 


37 


(0. 


97) 


1.13 


(1.13) 


Kindergarten 
























' Males 


3.13 


(1 


80) 


' 1.93 


(■2.12) 


3. 


57 


(1. 


76) 


2.13 


(2.42) 


Females 


^ 3.93 


(1.70) 


2.63 


(2.31) 


3. 


63 


(1 


.99) 


2.47 


(2.30) 


Combined Subsample 


3.53 


(1 


78) 


2.28 


(2.23) 


3. 


60 


(1 


86) 


2.30 


(2.35) 


Third Grade 
























Males 


5.23 


(1 


45) 


5.13 


(1.9^6) 


5. 


50 


(1 


36) 


5.10 


(2.11) 


Fema'les 


4.83 


(1 


72; 


4.03 


(2.72) 


4. 


33 


(2. 


06). 


4.00 


(2.72) 


Combined Subsample 


5.03 


(1 


59) ' 


4.58 


(2.42) 


4. 


92 


(1 


83) 


4.55 


(2.48) 


Total Sample - 
























^ -« 

Males 


3.60 


(1 


86)" 


2.73 


(2.48) 


. 3 


-79 


(1 


89) 


2. BO 


(2.55) 


• Females 


3.71 


(1 


.93) - 


2.63 


(2.48) 


. 3. 


46 


(1 


93) 


2.52 


(2.47) 


* Coiijbined Total 


3.65 


(1 


89) 


2.68 


(2.47) 


3 


63 


(1 


91) 


2.66 


(2.51) 


Sample 

























Table 5 

Frequency and Percentages of Subjects' Passing 
the Conservation .Tasks for the Various Subsamples 
(Objective Response ^nd A<Jequate Explanation) ^ 



Conservation Tasks 



Grade Level 


Length 


t 

''Weight 


y 

Identity 


Equivalence 


Identity 


Equivalence 


No. 




No. % 


No. 


% 


No. 


% 


Preschool 


















Males 




\^ ) 


'0 


(0) 








lew 




' ' 0 


AO) 


0 


(0) 


0 


(0) 


0 


(0) 


Coinbined Subsainple 


0 


(0) 


0 


(0) 


0 


(0) 




(0) 


Kindergarten 


















Males 


5 


J16.7) 


4 


(13.3) 


5 


(16.7) 


4 


(13:3) 


Females 


. 7 


(23.3) " 


5 


(16.7) ' 


. 6 


(20.,0) 


4 


(i3_.3) 


Combined Sub'sample 


^ 12 


(20.0) 


9 


(15.0) 


11 


(18.3) 


8 


(13-. 3) 


Third Grade 




< 














Males 


20 


(66.7) 


23 


(76.6) 


19^ ' 


(63.3) 


22 


(73.3) 


Females 


18 


(60.0). , 


18 


(60.0) 


14 


(46.-7) 


17 


(56.7) 


Combined Subsample 


38 


(63.^3)^ 


41. 


(68.3) 


33 


(55.0) 


39 


(65.0) 


Total Sample 


















Males - 


25 


(27.5) 


t 27 


(29.7). 


24 


(26.4) 


26 


(28.6) 


Fema'}.es 


25 


(28.1) 


23 


(25. a.) 


20 


(22.5) 


21 * 


(23.6) 


Combined Totcil 


50 


(27.^8) 


"50 


(27.8) 


44 


(24.4) 


47 


(26.1) 


Sample 
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Table 6 

V 

Frequency and Percentages of Subjects Passing 
the Cpnservation Tasks for the Various Subsamples, 
'(Objective Response Only) 

^ " - 1 ^ rrrl_ 













Conservation ' 


risks' 








Grade Level ^ 


Length 


Weight 




























, Identity 


Equivalence 


identity 


TjqxixvareTrcs 




No. 


% 




No. % * 


No 


% 


No. 


% 




■ 

Preschool 






















■ 


Males ' 


0 




(0) 


0 




(0) 


0 


(0). 


, 0 




(0) 


Females 


1 


- (3 


.4) 


1 


(3 


.4) 


0 


(0) 


0 




(0) 


Combined Subsample 


1 


(1 


.7) 


1 




.7) 


0 


(0) 


' . 0 




(0) 


Kindergarten 
















/' . 








Males 


7 


(23 


.3) 


5 


(16 


.7) 


' " 7 


' (23.3) 


4 


(13 


.3) 


Females 


10 


(33 


.3) 


7 


(23 


.3) 


11 


(36.7) 


4 


(13 


.3) 


. Combined Subsample 


17 


(28 


.3) 


12 


(20 


.0) 


18 


(30.0) 


8 


(13 


.3) 


Third Grade 
























Males 


22 


(73 


.3) 


24 


(80 


.0) 


25 


(83.3) 


22 


(73 


.3) 


Females 


20 


(66 


.7) 


19 


(63 


.3) 


17 


(56.7) 


17 


(56 


.7) 


Combined Subsample 


. 42 


(.70 


.0) 


43 


(71 


.7) 


^ 42 


(70.0) 


39 


(65 


.0) • 


/ Total Sample. 
















< 








Males 


29 


(31 


.9) 


29 


(31 


.9) 


, 32 


(35.2) 


26 


(28 


.6)- 


Females , 


31 


(34 


.8) 


27 


(30, 


3) 


28 


(31.5) 


, 21 


(23 


.•6) 


•Cfombined Total 


60 


(33 


.3) 


56 


(31, 


1) 


60 


(33.3) 


47 


(26 


.1) 


Scunple V 






^ 



















Table 7 

Identity/Equivalence Conservation Comparisons 
ANOVA Summary Table 



*£ < .05 
**£ < .01 



- 

Source 




F Values 






















Length 






Weight 


Between Subjects 




MS 






MS 




- Grade Level (A) 


2 


279.1444 


52 


9768** 


270 


.4111 


52,1218** 


Sex (B)' 


1 


^ .0946 




0179 


10 


.3399 


^'l^,9930 ' ' 


A x B : ■ 


2 , 


i6.9697 


3' 


2205'* 


14 


.8010 


f.8529 ' 


Error 
















(Ss within groups) ^ 


174' 




5 


2692 






5.^1881 


Within .Subjects 
















Identity vs. Equivalence (G) 


1 


85.0694 


71 


0895** 


84 


.1000 


53.4617** 


« A X C" 


2 


6.1444 


5 


1347** 


8 


.1333 


5.1703** 


B X G 


1 ' 


1.0494 




8770,- 




.0347 


.0221 


A X B X C 


^ 2 


1.4373 


1. 


2011 ^ 




.4404. 


. .2800 


Error - ' , * . 
















{C X Ss -within groups) 


174 * 




1. 


19 6J 






1.5731 


* 


359 






« 
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Tat}le 8 

Pass/Fail Performance (Objective Response and Adequate Justification), 
on Identity and Equivalence Tasks at Each Grade Level 
^ (Male and .Femaie Subsamples Combined) 



Grade 


Length Conservation 


Level 

• 


Pass Beth 


Fail Both 


^Pass .Ident, 
Fail Equiv, 


Pa^s Equiv.^ 
Fail Ident* 


..Preschool 


0 


60 , 


f 


0 


Kindergarten 


7 


46^ 


. 5 


2 


Third Grade 


36 


17 


2 




'Total Sam^l'e * 


- 43^ 


123 ^ 




7 


- - - 




















Grade 


- — ■■ ■ 3 7 

Weight Conservation 


lievel 


Pass Both 


Fail Both- 


** 

Pass Ident* 
"Fail Equiy* 


Pass Equiv* , 
Taxi Ident * ' 


- ITT- 

Preschool 




60 


0 


.0' 


Kindergarten 

t 


6 


- '47 


5 


2 ^ 


. Third Grade 


30 


* 18 ■ 


3 


. 9 


Total Sample 


36 


125 


8 


11 



•37 ^' 



Table 9 



f 



Pass/Fail 'Performance^ (Objective Response Only)*^ 
oh the' Identity-^-'and Equivalence Tasks at Each Grade Level 





(Male and Female Subsamples 


Combined) 

♦ 




* 

" Grade 


— ^ — 


Length Conservation 




Level- 


Pass Both 


•Fail Both 


Pass Ident,' 
Fail Equiv, 


" Pass Equiv. 
Fail ident. 




1 


59 


• 

0 


J* 

b 


: Kindergarten . 




40 


8 


3 


Third Grade 


40 


1-5 • 


2 


3 


Total Sample 


. 50 


114 


10 


. ' 6 








J 




Grade , 
, - ^ Level 




Weight Conservation 


— . >. 


^ Pass Both 


Fail Both 


Pass Ident*, 
Fail Equiv* 


Pass Equiv. 
Fail Ident. 


Preschool 
.Kindergarten 


0 

8 


60 

■ 42 


0 
10 


! 0* 

1 


Third Grade 


36 


. IS 


6 


.3 


Total Sample 


44 


' 117 


16_ 




♦ 

*£ < *01 








1 U 

• 


» 
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for significance of changes reveale.d significant difj^erences between iden-^ 
tity and equivcjj.ence for weight conservation at the kindergarten level and 
for*T>^e total sample (£<.01). Differences between identity and equivalence 
approached significance at^the kindergarten level for length conservation . 
(£=.227)\ In addition, McNemar te^ts were ccmput'ed on all pairwise conser- 
vation tasks comparing identity/ equivalence and with/without justification 
conditions. At the kindergarten level, significant differences were 
observed in two instances Ainportant to the present investigation. Cdnser- ^ 
vation of weight under the withoutT justification condition showed 10 Ss 
passing identity without passing equiyalence (£=.002), and conservation of^ 
weight (identity) showed seven £s .passing the without- justification con-* 
dition while failing the with- justification condition (£=.016). At the 
third-grade level one significant ^difference was observed, yor conserva- 
tion of weight (identity) nine Ss passed the without- justification con- 
dition while failing the with- justification' condition (£=.004). 

An additional analysis of variance, based upon a 0-6 scoring criterion 
for eacti of the conservatiofi subtasks, was computed for both 'the with- and 
tbe without- justification conditions arid is presented in Table 10. The 
means amd standard deviations for the analysis ajppear in Table 11. As - 
observep ,in Table. 10, highly significant main'effects of age, task, and* 
criteri/on were found. Newman-Keuls tests of the age .Qffec>t indicated tihat 
the ta^ks were more difficult for preschoolers than they*were for kinder- 
garteners (£<.001) or tlxird graders (£<.001) and that the tasks were more 
difficjuit for 'kindergarteners than they were for third graders (£<.001). 
The equivalence tasks v^ere more difficult than the identity ta^ks .and 
more if^rials were passed with a judgment-only criterion than with a 

mt-plus-explanatioja criterion. ' ^ " * :^ . 

t also can be seen in Table 10 that the age x task interaction and 
the task x, criterion interaction were both sigjiif leant Concemi^ng the 
age W task interaction, Newman-Keuls tests indicated that equivalence- 
taskd were more difficult than identity tasks for preschoolers (£<.001). 
cind kindergarteners (£<.001) but not for third graders. Concerning 
the task x criterixDn interaction, Newman-Keuls . tests indicated that the 
performance difference between identity and equivalence, ta^sks was signif- 
icantly greater with a judgment-only criterion than with a judgment-plus- 
expl'anation criterion (£<.001). Finally, the age x criterion interaction 
was. significant, n Newman-Keuls tests indicated that t^he discrepancy between^ 
the, two criteria was more pronounced with preschpolers and with .kinder^ 
garteners (£<.01) than with third graders (£<..025). The ^ preschoolers and 
kindergarteners did not differ. * ' 

On the with- justification condition, Ss were given a point on each 
of the 8- explanation items only if they gave both a^ correct judgment and a ^ 
correct explanation. The types of explanation were classified into the^ 
.various categories which appear in Appendix B. Explanations which fell 
into the initial eight categories ^were considered^correct, while explana- 
tions in the remaining two categories 'were considered incorrect. Table 
12 represents the frequency and percentages of adeqt^te explanations given 
on all conservation tasks, by grade and for the composite sample. Viev;ing 
each grade level, the^higher the age-grade level, the nyore adequate the 
explanation given. With only two minor exceptions the same holds true 
within the various categories of explanation. Bet^'een kindergarten and 
-yiird grade the frequency of explanations classified under inversion remains 



, ^ . • Table 10^ 

. . . - - / . ' 

ANOVA-;rTrial-s Data (Mixed Model) 

Grade Lp^l x TasK x Content x Criterion * 



^ Source * 


df 


. MS 


F * Values 


Between Subjects 








- qrade^ Level (A) 


2 


95 72-. 1494 


^ ^ 76.6768** 


Error (Ss/Grade.) 


N 177 


124/837596 


• 


Within Subjects • ^ 








Task (B) 


1 


■ 498.3347 


92.3023** 


. A X B ' , 




53.^P14 


• 9.8911^* 


Error (Ss x B/Grade) 


177 - 


5.3^98941 








3 .3347 


.0475 - 


^ X C ' ^ * ' 


2 


. * ^ .5597 


Erroe (Ss x C/Grade) \ ' 


177 


11.792632 


f 


Prit'erion (D)' *• r 

^ ^ ^ ^U^^ * 1 \ / < ^ 


* '1 






A X D 


.2 


> 4.1764 


M.6251**. 


Error (Ss: x D/Grade) 


177 , 


.902I9.O ^ ' 




B X C ^ ^ 


1 


, ."0087 


.0082 


A X B x" G • 


2 


^ .0545 


' . 0514 , 


Error (£s x B x jC/^rade) 


177 


1-. 059716 

- ^ 




B X D ' \ 
A X B X* D * 


1 

2 


^' 3:6837, - 
.1920^ ^ 


45.3738*> 
2.3651 


« , Error (Ss x B x D;<fe"ade) 


177 

r 


.081185 




C X D 


/I 


.4253. ' 


'5.3023* • 


" A ^^s^-C-*:* D ^ 

Errbr^^J^s x C x D/Grade) ^ 


2 

177 


.0316 
' .080220 


.3939 


B X C X b 


1 


.0001 J 


.0059 


'A X B X C X D * 


2 


« .iDias 


.7183, * 


* Error (Ss x B x C x D/Grade) ' 


177 


.014623', N _ 






.^439 ' 




** 




*» 




* 



* , ^*P* < .01 . 



* ^ * * ♦ ' ' Table 11 

Aeans and Standard Deviations of the Task x Content ^ Criteri 
^ - . Interactions for the Various Subsamples 

'(S.tahdard Deviations in Parentheses). 



• 


Conservation Tasks 


Grade Level 


' Identity ^ ^ . 




w/ exp . 


Length 


wo/exp. ■ w/exp. 


Weight 


w6/exp . 
» 


^ c Pireschool 


- . 1.73 
(1.22) 




2.40 -1.60 
, (1.25) ■ (1.03) 


- 


2.37 " 
(0.91) ' 




3.10 

(l-;77) 




3.52 ■ 3.03 
(1..7a). (1.91) 




3.63 
(1.,.85) 


Third Grade 


4.68^ 
(2.06) 




5.03 4.55. 
(1.59) (2.01) 




(1.83) 




/ 




« 


i 

1 


* 








Conservation. Tasks 






Grade Level 






Equivalence 


f / 






»w/exp . 


^Length 


wo/exp. w/exp. 


W;2ight 

A- 


wo/exp. 


Pr'eschool 


0.90 
(1.12) 




1.18 0.82/ 
(1.28) , (0.97y) 




1.13 

(1.13)^ 


Kindergarten 


2.05' 
' (2.10) 




K 

2.28 ' 1.9'3\ 
(2.23) . - " 12/20) 




2.28 
(2.34) 


Third Grade 


4.52 
(2.44) 




4.58^ ^ 4.35 
(2.42) (2.51) 




•4.55 
(2.47-) 



Table 12 

Frequency and Percentages of Subjects Giving an 
Adequate Explanation for alT^ Conservation Tasks 



Grade Level 



'Preschool 



Kindergarten 
No. % 



Third ferade 
No. , % 



Total 
No. ' % 



Inversion 



Reciprocity 



Compensatory 
Relations 



0 



(0) 



14 



(12.6) 



14 



(4.2) 



28 (6.2) 



(0) 



(1.8) 



(0.9) 



5 (1.1) 



(0) 



(0.9) 



(0) 



1 (0.2) 



Addition- 
Subtraction 



(0) 



19 



(17;1) 



132 



(39.6) 



151 (33.6) 



Statement of 
Operations 



(20.0) 



19 



(17.1) 



60 



(18.0) 



80 (17.8) 



Sameness (same 
stimulus) 



22 



(19.8) 



30 



(9.0) 



56 (12.5) 



Sameness (same 
quantity) , 



(0) 



28 . (25.2) 



43 



(12.9) 



71 (15.8)' 



Previous amount 
or eqtiality. 



r. (0) 



(5/4) 



51 



.(15.3) 



57 (12.7) 



No. and % of 
Explanations ' 



(100) 



111- 



(100) 



333 



(100) 



^49 (100.) 



unchanged, while, thqse explanations classified under -compensatory re],ations 
drops from one to zero. Differences in percent within each explanation 
♦type among the various subsamples can fee attributed to an accumulation of- 
, adequate explanations within a ceirtain category at each grade level, or to 
a lack-thereo'f. Thus, for example, both the preschool and third^grade sub 
samples reflect such a tendency while- the kindergarten subsample does not. 
For the preschool subsample, 80 percent of 'the explanations fell into one , 
category, while for the third-grade subsample, close to 60 percent of 
the explanations fell into two categories. For the kindergarten subsample, 
however, both frequency and percent of explanations- are more evenly dis- 
tributed, -with five of the^eight categqrifes accounting for approximately 
90 percent of the explanations. 

Tables 13 and 14 represent the frequency and percentage of adequate 
explanations given on all identity and all. equivalence conservation tasks, 
by grade and for the composite sample. For both identity. and equivalence 
conservation, the higher the age-grade ..level the. more explanations jvere 
given. The frequency at each grade level was approximately the same. ^ ^ 
For all equivalence explanations, the category "compensatory relations^ 
is the exception; no, explanations fell within this category. For all ■ , 
identity explanations, the categories "inversion* " "reciprocity," and 
"compensatory relations" are the exception. .At the third-grade level, 
fewer subjects, gave adequate explanations in these three categories than . 
in the kindergarten subsample. In terms of percentages, an accumulation 
of adequate explanations within a cef tain category a,t the preschool and 
third-grade level occurred f6r both identity and' equivalence tasks. At 
the preschool level, all explanations fell iato .two categories for 
identity (statement of operations*, 33.3 percent; and same stimulus, 
66-.7 percent), and one category. for equivalence (same stimulus, 100 
percent) . For the third-grade Itibsample identity tasks, approximately 
68 percent of the explanations fell into th.e categories, "addition- 
subtraction" and. "statement of operatiQ-hs. " For equivalence, approxunately 
57- percent of the explanations fell into two categories, "addition- 
subtraction" and "previous amount or equality." This last category is of 
ijiterest in terms of identity/equivalence explanations. Whereas only* - 
6.2 .percent of the third-grade sjabsample used "pifevious amount -or 
equaUty;- as an explanation for -identity conservation, 23.8 percent 
of ^the^ subsample justified their responses with .this explanation type^ 
for the, equivalence conservation. tasks. For both identity and equivalence, 
the'i kindergarten subsample shows a much more widely spread distribution of 
expianatio4s'*"a'cross various categories. 



\ 

Transitivity ' 



^ * The general performance patterns of the age-grade subsample^ and the 
overall composite sample is presented in Table 15 (frequency and percen- , 
tages of subjects passing). Overall,, transitivity, of length appears to be 
of slightly greater difficulty than the counterpart task "for weight.^ 
For^graderlevel comparisons, x-^ tests indicate a significant performance 
improvement in both content domains, with the largest differences occurring 
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^ Table 13 

Frequency and Percentages of Subjects Giving an 
Adequate Explanation for all Identity 
Gonservation Tasks 



Grade Level 





No. 


Preschool 

% 


Kindergarten 
No. % 


Third 

No. 


Grade 

% 


' No. 


Total. 
% 


Inversion 


0 


(0) 


7^ 


(11.7) 


5 


(3.1) 


i 12 


- (S.4) 


Reciprocity 


0 


. , (0) 


2 


(3.'3) 


0. 


(0) 


2 


. (0.9) 


Compensatory 
Re lations 


0 


(0) 


1 


(1^7) 


0 


iO) 


1 


(0.4) 


Addition- 
SiUbtraction 


P 


(0) 


9 


(15.0) 


74 


\ 


. 83^ 


(37.1) 


Statement of 
' Operations 


1 


(33.3) 


12 ^ 


(20.0) 


36 


(22.4) 


49 


(21.-9) 


* , S^ameness (sam^ 
stimulus) 


2 


(66.7) 


13 


(21.7). 


. 18 


(11.2) 


. 33* 


(14.7) 


"Sameness (same 
quantity) ' 


0 


. (0) 


15 


(25. OX 


18 


(11.2) 


33 


(14.7) ^ 


Previous amount 
or equa^lity 


0 


(0) 


1 


(1.7), 


Id 


(6.2^ 


11 


(4.9) 


No*, and % of 
Explanations 


1 

3 


(100) ■ 

I 

/' 


60 


(100) 


161 


C ^0) 


224 


(100) 



er|c 



44 



39 



' . ^ Table 14 

Frequency and Percentages of Subjects Giving an 
Adequate Explanation. for all 
Equivalence Conservatiom Tasks 



Grade Level 





Preschool 
No., ' % 


Kindergarten 
No. % 


Third Grade 
No. . % _ 


Total 
No. % 


Inversion 








16 (7 1) 


Reciprqaity 


. 0 (0) 


0 (0) 


\ '3 (1.7) 


3 (1.3) 


Compensatory 
Re lations^ 


.0 (0) 


0 • (0) 


0 '(0) 

1 


0 (0) 


Addition- 
Subtraction „ 


0 '(0) 


lo' , (19.6) 


58 (33.7) 


68 (30.2) 


Statement of ' 
Operations 


0 ' (0) 


7 ^ (13.7) 


24 ^ (14.0) 


31 (13.8) 


Sameness (same 
stimulus) 


2 / (100) 


9 ^ (17.6) 


12 - (7.0)- 


23 (10.2) 


Sameness (same , 
quantity) 


0 (0) 


13 (25.5) 


25 (14.5) 


38 (16.,9) 
* 


Previous amount 
. or equality 


b (0) 


5 (9.8) 


41 (23.8) 


46 (20.4*) 

^ o 


No/ anti '%«of 
Explanations 


2 (100) 


51 (100) 


172 .(100)- 


/ 

225 (100) 

> 



40 



r 










> Table 15 

Frequency and Percentages of Subjects Passing 
Transivitity Tasks for Length and Weight-^ 




1. 




^ — - — r — \ ~ — V- 

Length 


Weight I 




♦ 


Number *(%) 


Number (%) 


> 

Preschool 


(n=60) 


22 (36.67) 


24 (40-00), 


Kindergarten 


(n=?60) 


' 36 (60.00) 


45 (75.00)^ 


Tbird Grade 


(n=60) 


'48 (80.00) 


57 (95,00) 










- Total 


(N=180) 


. 106 (58,89) 


126 (70.00) 
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b-etween preschool and kindergarten (i.e.., for- length, x =5.64, df=l,, 
p<.02; and for weight, x^=13.64; df=l, £<.001). ^ u -k 

The remaining analysis is based upon, a task x task comparison of both 
-t-ransi-tiv-ifey tasks to. all ^length and weight conservation task conditions - 
(prediction/deformation, identity/equivalence,, with/without justification). 
As Tables 16, 17, 18, and 19 indicate, at both the preschool and= kindergarten 
grade level, both length and weight transitivity tasks were significantly 
easier than all length and weight conservation measures. For the preschool 
and kindergarten subsamples (Tables 16 and 17) , McNemaf tests for the sig- 
nificance of change indicate all task x task comparisons significant 
beyond the .01 level. For the third-grade subsample (Table 18), McNejnar 
tests indicate only the weight transitivity task significantly easier than 
the length and weight conservation measures. In addition, the third grade 
was the only subsample in which there was S. significant difference between 
he length and weight transitivity K(easures. Transitivity of weight was 
r.gnificantly easier i:han length (p<.05). Eleven Ss passed transitivity 
weight, and of these 'two Ss failed the corresponding task for length. 
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DISCUS'S ION 



This discus^iXn is based on the predictions mentioned P^^^iously ^ ^ 
and on the theoretiiai implications of the present findings. The primary 
concern ?s with results ^relat^ed. to the conservation tasks, ^d_the secon- 
ri^rv concern is with the transitivity task results. — ^ , . 

"^ •Sithln tie conservation, task domain, the factor of age-^grade level was 
related to two of the dependent measures, task (identity/equivalence), 
critSon (Judgment only/ judgment plus explanation) but not to content 
aength/weight). Significant interaction effects, of Age x Task and Age x . 
CriSn indicate that as a whole, conservation tasks are more difficult 
the yoinge'the age-grade level. Thus, fewer preschoolers- passed conser- • 
•vation tasks than either kindergarteners or third graders and fewer 
kindergarteners passed than- third graders. "Pre importantly however 
equivalence conservation is significantly more difficult than ^^entity 
conservation for preschool and kindergarten subjects, but not t^p^^d 
arade s^jects. in other .words, identity conservation is indeed ^-stinct 
Irom eqSJalen;. conservation, as indicated by both its- ^^f-^ --/J^/ 
and the larger differences at earlier age levels. J-^^^^^^f ' "^^^^^""^^^ 
between the two c^^teria were greater at the preschool -and ^jnderg_arten 
v!v^r^han at the third-grade level. More subjects passed -t-he-conserva- 
S tasS ju-d^ment-onlr condition, t^an" the jUdgment-plu^^^^^^^^^ 

tion condition,' with the largest differences f ^^^^^.^J^^'^Ji^tfes 

levels in addition,, a "significant Task x Criterion -interaction ^"<3icates 
a less-'visable: identify - equivalence sequence witf. a j udgn.ent-plus- explana- 
tion crlterion.than ulder a judgment-only condition. • 
D^rformance differences were found between- prediction and actual deforma 
Tiof of the cdnservabion relationship in question (identity or equivalence) . 

For all transitivity tasks a significant performance improvement was 
observed at elch higher grade le^el, with the \-?-^^si«--;^~^^6und 
the preschool and kindergarten, subsamples. Transitivity of len£th_was fpund 
to be of sliqhtly greater. difficulty than transitivity of weight. Task x 
- Lk c^pfrisons'of ..both- transitiyity t.sk. to-alL length-and weight c^^^^^ 
servation task conditions reveal that at. the preschool and kindergarten.. 
grSf level.. transitivitiTTTsignificantly easier, than all len^^^h. and 
weight conservation measures and that for ^tl.e third-grade subsample only 
transitivity of weight was significantly easier than all length, and 
weight conservation measures. The^e findings are essentially in agreement 
wiS those results reoort'^d by Brainerd (1973).. In addition, in only the - 
fh rd-grrde ubsLple"was^a significant ^^--^^^^^^rtireSer 
and weight transitivity. Transitivity of weight was significantly easier 
than the corresponding task for length. ' • , . ^ pi-,„^.= cbn- " 

In view of the present findings, it may be stated that Piaget s cpn 
servation problems tap two distinct concepts, as conjectured by Elkind 
(1967), and that the emergence of the conservation conce pt is not a 
synchronous and unitary process within the stage, of concrete operatign^.. In 
addition,, the differences between the supportive and^non-suppprtive fundings 
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of previous empirical .inves^tigations are largely attributable to faulty 
measurement an^ sampling .techniques used'in the non-supportive studies 
wnich resulted in the commj^ssion.pf knowri sources of Typ^ II error thus \ 
masking the* re^l identity % equivalence seqifence (Brainerd §^ Hoopei^; 
1975) . Three of f ivk of the non-supportive studies employed a judgment^ 
plus explahation criterion,, and all these studies- failed to' include pre- 
schoolers in their sample popplations. ^ * * ' 
An -eyfaminatioft of adequate explanations on the identity ancj equivalence 
tasks within the judgment-plus-explanation condition indicates subjects use 
addition-subtraction explanations most frequently to justify a given ^^response 
The .type of explanation given differs betv^een the identity and' equivalence 
tasks within the next frequent category,; subjects use a statement of opera- 
tions explanation under identity conservation, and use reference to a 
^previous amount or equality explanation for equivalence conservation. A 
comparisoh of €hese findings with the pnly other studies th^ examined 
adequate explanation categories in some^ detail (i.e/, Hoojper, 1969a; and 
• Pap^lia & Hooper^ 1971, fbr^quantity only) shows bpth^ discrepancies and x 
similarities. For all identity tasks^ the present findings concur with 
Hooper Ml969a) , in that a'dditionrs^tbtraction is the mast frequent explana- 
tion" given; whereas, statement of operations is the most .frequent category " 
in ;tihe" PapchLia and;^ Hopper' (1971) study. ' F^r^aLl equivalence tasks, the 
most freguei^t category employed reference to a previous amount or equality • 
in both the Hooper (1969a)\^ and Papalia and 'Hooper (1971) studies. Addition- 
subtraction explanations are the most frequent category, however, for '^the 
present investigation. It is of particular Interest that neither the present 
findings,, nor those repor^ted by Hooper (1969a), and Papalia and Hooper (1971), 
found- that reversibility^ an important formal property of concrete opera- 
tions, was a frequent explanation category. The two explanation categories 
which would reflect reversibility, inversion and reciprocity, were seldom 
employed. * • ^ ^ 
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APPENDIX A 
TRANSITIVJTY AND CONSERVATION TASKS 
INSTRUCTIONS ■ 
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Conservation and Transitivity 
1^ Warm-Up 



Materials : 



Picture of two unequal parallel lines 
Two blocks of unequal weight* 



Instructions ; ' , 

(1) Length: The E places a picture of^two perceptibly unequal parallel 
lines (10-cm^and 20-cin) to the centS^^^the table, approximately 
8-10 inches- from the S. The picture is ai^^ged such that the 
longest (20-cm) line is nearest the S. The E then asJcs the following^ 
questions: ^' . ^ 

(a) ARE THESE TWO LINES THE SAME LENGTH? 
Yes _' No I Don't Know- 



No^ Response 



(b) WHICH LINE IS LONGER ? 
lO-on 



20-cm 



(cX WHICH LINE IS SHORTER?" 

¥ 

10-cm 20-cin 



I Don't Know 



I Don't Know 



No Response- 



No Response 
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Warm-Up continued 



(2) Weight: The E gives' the S_ a block- to hold in each, hand^ and asks, 
the following questions : ' - ^ ' 

(a) ARE THESE TWO BLOCKS THE SAME WEIGHT? 

* Yes. No I Don't Know No Response - . 



(b) . WHICH BLOCK WEIGHS MORE? ^\ ' ' , 

Small _j Large I Don't Know ^ No Response 

(c) WHICH BLOCK WEIGHS LESS? 

Small Large ^ I Don't Know No Response 



Note: If a £ does not seem to understand the relational terns, the B 

may repeat the wam-up or that portion which the S_ seems uncertain. 
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Transitivity of Length- 



Materials^: 

27- cm blue stick 

28- cm blue stick 
28-cm white stick 



Instructions: 



The places the board, having a 27-cm blue stick and a 28-cin blue 
stick glued down approximately one arm's length apart, 8-10 inches from 
the in the middle of the table • The sticks are positioned such that the 
midpoint of each stick is in direct relation to the pther stick . Taking 
the .28rcm white stick and placing it in the middle of the board between 
the two blue -sticks, the'E^ says: 

HERE ARE SOME STICKS WE WILL BE WORKING WITH* 

The E then places the 28-cm white stick next to the 28-cm blue stipk, 
making the ends' nearest the £ even with one another, and so the S^ can ob- 
serve the sticks to be of equal length. The £ is required to verbalize 
this latter fact. 



ARE THESE TWO STICKS THE SAME LENGTH? 
Yes No ^ ,1 Don ' t "Know 



/ 



No Response 



Next, the E^ plkces the 28-cm white stick next to the 27-cm blue stick, 
again making the ends nearest the S_ even wit^ one another, and so the £ can 
observe that the white stick is the longer of the two* The S_ is required 
to verbalize this latter fact* 



IS ONE OF THE STICKS LONGER? 
/Yes 



No 



I Don't Know 



No Response 



(If "Yes," then) WHICH ONE? 
White Blue I Don't ,Know* 



' No Response 



: 1 
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Transitivity of Length continued 

J 

Finally, the E removes the white stick from the table, and asks the 
following questions: 

(a) ^ ARE THESE TWO STICKS THE SAME LENGTH? 

Yes No - I Don't Know 'No Response 

(b) IS ONE OF THE, STICKS LONGER ? . ' ' 

Yes No I Don't Know No Respoiise 

(If "Yes/' then) WHICH ONE? 

28-cm 27-cm , ' I Don't Know No Response 

(c) IS ONE OF THE. STICKS SHORTER? 
Y^s ^ No ^ I Don't Know No Response 

• (If " Yes , " then) WHICH ONE? 

. .27-cm * 28-cm ^ 1 Don't Know No Response 

^ - - 
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Transitivity of Weight 



Materials ; 

One red and one grey clay ball of equal weight 
One grey clay ball of a lighter weight 



Instructions : " • 

The E plabes the three 'clay balls in the middle of the table '|B-10 
inches^ from the S^, and saysr * \ , 

HERE ARE SOME GLAY BALLS WE WILL BE WORKING WITH. . \ 

The E then hands the £ one red and one grey clay ball of ^qual weight. The 
£ is required to'verbalize this latter fact. \ 

DO THESE TWO CLAY BALLS WEIGH THE SAME? 

Yes No I Don't Know : No Response ^ 



Next, the E removes the grey clay ball from the S's hand^ and places the 
grey ball o^n the table 8-10 inches^ in front of the 'hand in which it was 
held. Then the red clay ball, is removed and .placed in the hand opposite 
the one in which it originally appeared. Next the lighter grey clay ball^ 
is placed in the remaining empty hand, so the £ will know that the red: 
ball is the heavier of the two. The £ also is required to verbalize this 
latter fact. . . 



DOES ONE OF THE CLAY BALLS WEIGH^ MORE ? 

Yes * - ^No ^ I Don't Know ^ No Response 

*? 

(If "Yes, " then) WHICH ONE? . » 

Red Grey I Don't Know No Response 
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Transitivity of Weight, continued 



The grey clay b^ll is removed and placed on the table 8-10 inches in 
frbnt of the hand in which it was held. Finally, the E removes the red 
clay ball from the table, .and §sks the following questions: 



(a) DO THESE TWO CLAY BALLS WEIGH THE SAME? 
Yes No I Don't Know 

(b) DOES ONE OF THE .SLA^ BALLS WEIGH MORE? ^ 
Yes '^No I Don't. Know , 



No Response 



No Response 



« (If VYes/" then) WHICH ONE?. 

Heavy " Light 

(c) rbOES ONE OF THE CLAY BALLS WEIGH LESS? 



Yes 



No 



I Don*t Know 



No Response 



(If "Yes," then) WHICH ONE? 
Light Heavy 



{j6 
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tMaterials : 



One 28-cm string 



■ / 

Conservation of Length 
Identity Format 



Instructions;: * , - , . 

.(1) Predidtion : Placing the 28-cin string \r\ the middle pf the table 8-10 
inches from the S, so the length runs horizontally in a straight line 
from the £'s left to right/ the E asks the following questions: 

(a) IF* I WERE TO MAKE 'THIS STRING INTO A CIRCLE, WOULD TKE STRING 
STILL HAVE TH5: -SAME LENGTH? - . . 



Yes 



No 



I Don't Know 



No Response 



(b) IF I WERE TO MAKE THIS STRING INTO A CIRCLE/ WOULD THE STRING 
BE LONGER? , • ^ 



Yes 



No 



I Don't Know 



No 'Response 



(c) IF I WERE TO make' THIS .STRING INTO A CIRCLE/ WOULD THE STRING 

No Res]porise " 



3jp SHORTER? 



. Yes 



No 



I Don't Know 



w / 
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Conservation of Length continued 



(2) Deformation : The E then forms the string .into a circle (toward the S) , 
and asks the following questions: . ' * ' \ 

(a) IS THIS STRING THE SAME LENGTH AS 3EF0RE? 

Yes _ * No I Don't Knc^ No Response _ \ 



.(b) IS THIS STRING ILONGER THAN BEFORE? 

Yes ^ N6( I Don't Know- \ No Response 



(c) IS THIS STRING SHORTER THAN' BEFORE? 
* Yes' No , ^ I Don't Know 



No, Response 



\ 



Conservation of Length. 
Equivalence Format 



Mater 



als: 



.Two 28\cm strings 



Instructions : 

The'.E places the two strings side-by-side in the middle of -the .table 
8-10 inches from the S, so the , length run's horizontally from the £'s left 
.^.tp. right/ and so the strings are observed to be of equal length. The £ 
^ is requijred.^to verbalize this latter fact. 

. ARE THESE TWO\ STRINGS .THE SAME I^ENGTH? 



.Yes 



I Don't Know 



No Respo;tise 



(1) , Prediction : Leaving the strings exactly as they are while pointing 
to ^' the string nearest the S_, the E asks the following questions: 

* 

(a) If I WERE TO MAKE THIS STRING INTO^ A CIRCLE, WOULD THE TWO 
STRINGS STILL HAVE THE SAME 1 LENGTH? 



Yes ^ 



No 



I Don't Know^ 



.No Response 



(b) IF I WERE TO MAKE THIS STRING INTO A CIRCLE, WOULD ONE OF THE 
STRINGS BE fX)NGER?v. • 



Yes 



No 



i I Don't Know 



No Response 



(c) °IF I WERE TO MAKE THIS STRING INTO A CIRCLE, WOULD, ONE OF THE 



STRINGS BE SHORTER? 
Yes . ~^No 



\ 



I Don'fTCnow — ^ 



No-Response 



Conservation of Length continued ' ^ 

Defomation : The E »then forms the string nearest the S_ into a 
(toward the S^) , and asks /the following" questions: 

(a) ARE THESE TWO STRINGS %HE SAME LENGTH AS BEFORE? - 

Yes No I Don't Know . No Response 



(b) IS ONE OF THE STRINGS ,LONGER THAN BEF0R)5? . ^ 

' ' Yes No I Don'«t Know No Response 

(c) IS ONE OF THE. STRINGS SHORTER THAN BEFORE? 

Yes No I Don't Know ^ No Response 



Conservation of Weight 
Ide'ntity' Format ' 



MatetjLals : 



One- gre'eh^dlay ball 



Instructions: 



(1) Prediction ; Placing tUe green clay ball in the twiddle of .the table 
8,t10 inches f^om the the E asks the Tdirowing questipnsr 

(a) IF I WERE TC! ROLL THIS CLAY BALL INTO A HOT DOG/ WOULD THE 
'piece of clay still HAVE THE SAME WEIGHT? 



Yes 



No 



I '|>on • t Know 



No Response 



(b)' IF I WERE TO ROLL THIS CLAY INTO A HOT DjDG^WOULD THE 

, PIECE OP CLAY WEIGH MORE?' ' ^ 



Yes, 



-No 



I Don ' t IChow 



No Response 



(b) IF I WERE TO ROLL THIS CLAY BALL .INTO- A^ HOT .DOG, WOULD THE 
* ^ PIECE- OF CLAY' WEIGH LESS? , ' 



Yes 



No 



I Dbn^' t Know 



No Response 
1 



> '' -Conservation of Weight .continued 

Deformation ; The E then rolls the clay ball into a hot dog., >nd- asks^ 
^he following questions: 

(a)^ DOES THIS PIECE OF CLAY WEIGH THE SAME AS BEFORE? 
. • Yes ^ No I Don't Know No Response 



(b) , DOPS THIS PIECE OF CLAY WEIGH MORE THAN BEFORE? 

Yes ^No I Don't Know _^ No Response 

♦ ' ' ^ \ 

(c) . DOES THIS PIECE OF CLAY WEIGH LESS tSAN BEFORE? 

^ ' Yes ' ."No I DonVt Krfow \ No Response v 
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Conservation of 'Weight 
Equivalence Format 



MaterialstJ^ 



Two brown cla^ balls of equal weight 



Instructions: 



The gives the^ S^^j clay ball to hold in ^each hand so the balls are 
observed to be of equal weight. The £ is required to verbalize this latter 
fact. 



ARE THESE TWO BALLS 

^ Yes No' ^ 

(1) Prediction: Taking 



THE SAME WEIGHT? 



I Don't Know 



No Response 



the balls from the £ and placing them on tjhe 
table side-by-side iS-lO inches from, tl^e' S_, the E^ asks the following 
questions while poijnting to one of the stimuli: / 

(a) IF I WERE TO fXATTEN THIS CLAY B^L INTO A PANCAKE, WOULD THE 
TWO PIECES OF 



Yes 



No 



CLAY .STILL HAVE ThE SAME WEIGHT? 
I Don't Knc 



w 



No Response 




(b) IF I WERE TO FLATTEN TmS^LAY BALL INTO A PANCAKE, WOULD ONE 
OF THE PIECES OF^pKAY WEIGH MORE ^^ 

Yes J -^ii^^o 1 ^.<^ 1 Don' €"lCn5^" ^---— -No- Response 



(c)' .,XF^T WERE-'TO FMTTEN THIS CLAY BAUL INTO A PANCAKE, WOULD ONE 




OF THE PIECES C)F CLAY -WEIGH LESS? 

No 1 I Don't Know 



No Response 
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(2) 



Conservation of Weight continued 

Deformation : The E then flattens the, clay ball into a pancake, and 
asks the following questions: 

(a) DO THESE TWO PIECES OF CLAY WEIGH THE SAME AS BEFORE? 

Yes No I-.Don.'t Know No Response 



(b) DOES ONE OF THE PIECES OF CLAY WEIGH MORE . THAN BEFORE? 
-Yes No I Don't Know No Response _ 



(c) DOES ONE OF THE PIECES OF CLA^ WEIGH LESS THAN BEFORE? 
Yes ' ^ No I Don't Know No Response _ 
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APPENDIX B 
EXPLANATIO'N categories for GONSERVATIOH; 
TASKS: SCORING CRITERIA 
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f ' 
Scoring Criteria 

1) Inversion: when pifece of clay or piece of string is returned to its 

original state, prior to transformation. 

2) Reciprocity: when standard stimulus can be made to resemble the^rans- 

. * formed stimulus. 

3) Compensatory Relations: when one dimension of the' transformed stimulus 

is exactly compensated by the other dimension. 
^ • ' ' i.e./ hot db^ is longer, but also narrower. 

4) Addition/Subtraction: nothing has been added to, or subtracted from, the 

transformed stimulus. 

^ 5) ' Statement of .operations 

performed: .assertion that transformation does hot affect quantity in 
question-. " * . * 

i.e., you just made string into, circle, clay ball into hot ^ 
dog or pancake,* so still the same quantity. 

6) Sameness: assertion that stimulus as a "whole" entity is the same 
piece of string or clay. 

7^) Sameness: assertion that stimulus is the same le^^^th or weight. 

8) Reference to previous amount 

or equality: standard stimulus^ and transformed stimulus have same weight 
or length because standard stimulus and ccmipari son, stimulus 
/ ^ (prior to transformation), had the same weight or length. 

9) Immediate perceptual 

features: it (string, clay) looks shorter-longer, lighter-heavier-^ ^ 
less-more,' of the same. ^ 
10) Irrelevant considerations: i.e., because; I don*t know; it's longer; 

it's flat; it's a circle; hot dogs are 
heavy; pancakes are light; etc. 
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